ABSTRACT. Changes in communities of wild bees (Apiformes) were studied in relation to changes in vegetation in six permanent plots (natural forest habitats in the Wielkopolska National Park, and semi-natural habitats in the agricultural landscape near Turew) at the end of four decades (starting from the late 1970s). In 2008-2010, as many as 100 species of Apiformes were recorded there, which is more than reported in earlier decades. The most stable bee communities were those in forest habitats (oak-hornbeam forest, oak forest). Substantial qualitative and quantitative changes in vegetation and bee communities were recorded only after the renaturalisation of a former xerothermic grassland, which had become overgrown with shrubs and trees as a result of plant succession. Human interference (e.g. the felling of some trees growing along a road, clearance of understorey shrubs, ploughing of roadside margins) at selected refuge habitats in the agricultural landscape led to short-term fluctuations in bee abundance and diversity, but an increasing trend in abundance was noted.
INTRODUCTION
Several permanent plots were established in the Wielkopolska region (western Poland) in the late 1970s for the long-term monitoring of wild bee communities. The plots are situated in the wooded landscape of the Wielkopolska National Park (ca 15 km south of Poznań) and in the agricultural landscape of the General Dezydery CHŁAPOWSKI Landscape Park, also known as the Agroecological Landscape Park in Turew (near Kościan, ca 50 km south of Poznań). The diversity and density of wild bees (Apiformes) was assessed in the plots every 10 years: in 1978 -1980 (BANASZAK 1983 ), 1988 -1990 (BANASZAK 1997 ), 1998 -2000 and just recently, in 2008-2010 . This is an exceptionally long-term bee monitoring programme, although many reports on changes in their fauna have been published in the last two decades (COLLINS 1987 , COLLINS & WELLS 1987 , GAULD et al. 1990 , DAY 1991 , O'TOOLE 1993 , WILLIAMS 1982 , 1986 , RASMONT et al. 1993 , PEKKARINEN 1999 , BANASZAK 1997 , GOULSON et al. 2005 , 2008 , MARLIN & LABERGE 2001 , DARVILL et al. 2006 , KOSIOR et al. 2007 , W.A. BANASZAK 2005 . Relevant publications also include the book Changes in Fauna of Wild Bees in Europe (BANASZAK 1995) , where authors from various European countries describe examples of the disappearance or decline of some species. The current status and changes in the fauna of Apiformes during the last century in the Wielkopolska region were recently described (BANASZAK 2010) . Many myths exist on this subject: these were dispelled earlier by one of us (BANASZAK 2003) .
This report describes local changes in the wild bee community in the last four decades in relation to changes in flora and vegetation caused by plant succession and human activity.
MATERIAL AND METHODS

Research plots (Map 1, Photos 1-8)
The research, conducted in the Wielkopolska National Park in central Wielkopolska, involved 3 plots: (1) the oak-hornbeam forest Galio sylvatici-Carpinetum near Lake Góreckie, in the "Grabina" nature reserve; (2) an oak forest related to the Potentillo albaeQuercetum petraea, near the so-called Napoleon Well ("Studnia Napoleona"); and (3) a former xerothermic grassland, now partly overgrown by woody plants, on esker slopes near Lake Budzyńskie. Another three plots of woody vegetation were studied in southern Wielkopolska, in the agricultural landscape of the General CHŁAPOWSKI Landscape Park near Turew: (4) a shelterbelt near Turew; (5) a poplar grove near Turew; and (6) a roadsides with shrubs near Rogaczewo.
According to the physical-geographical division of Poland (KONDRACKI 1998) , the Wielkopolska National Park lies on the border between the Wielkopolska Lakeland (macroregion 315.5, mesoregion Poznań Lakeland) and the Warta-Oder Glacial Valley (macroregion 315.6, mesoregion Śrem Basin), at an altitude of about 80 m above sea level, while the General CHŁAPOWSKI Landscape Park lies in the Leszno Lakeland (macroregion 315.8, mesoregion Kościan Plain), at an altitude of 66-90 m. Map 1. Location of research plots. Wielkopolska National Park: 1 -oak-hornbeam forest, 2 -oak forest, 3 -former xerothermic grassland; General CHŁAPOWSKI Landscape Park: 4 -shelterbelt, 5 -poplar grove, roadsides near Rogaczewo.
Most of the Wielkopolska region is covered by young Pleistocene glacial and fluvioglacial landforms, while river valleys are filled with Holocene deposits (KONDRACKI 1998) . The last (Vistulian) glaciation resulted in the formation of a young glacial relief, which is characterised by a high diversity of landforms. This is particularly conspicuous in the Wielkopolska National Park at ca 80 m above sea level.
The climate is intermediate between marine and continental, depending on the dominant air masses. The long-term mean annual precipitation is about 550 mm, and the mean temperature is slightly over 8°C. According to the regionalisation of WOŚ (1999) , the study area is located in the largest Polish climatic region XV (central Wielkopolska region). It differs from other climatic regions in the relatively large number of days with very warm and cloudy weather, and the large number of very cold days (frost at night) with precipitation (WOŚ 2003).
Phot. 1. Esker slopes near Lake Budzyńskie, now covered by oak-hornbeam forest and ashelm forest (Photo by J. BANASZAK, 2008) .
Field studies
Each of the above research plots was treated as a complex of plant communities (TÜXEN 1973 , SOLON 1983 , RATYŃSKA 2003 . The vascular plant communities and flora were recorded in each one in 2010. Cover-abundance was assessed using the Braun-Blanquet scale modified by BARKMAN (1964) .
The names of the plant communities follow those listed by RATYŃSKA et al. (2010) , and the names of the vascular plants are according to RUTKOWSKI et al. (1994) .
Phot. 2. The last patch of dry grassland on the esker slopes near Lake Budzyńskie (Photo by J. BANASZAK, 2008).
The entomological research was carried out in three growing seasons (2008) (2009) (2010) . As in earlier decades, the transect method was applied to assess bee density (BANASZAK 1980) . In this method, insects are counted and caught using a sweep net along a 1 m × 200 m strip of land for 20-30 minutes. Thus the catch is a single sample (per 200 m 2 , then recalculated per hectare). The samples were taken in similar conditions (sunny and windless weather, ambient temperature over 20°C). The feeding conditions of the bees were also analysed by recording the numbers of bee forage plants and of bee species visiting these plants on all sampling occasions. In each experimental plot, 2-4 samples were taken (depending on plot size), at least once a month, from April to September. The names of the bees follow those 
RESULTS
Current flora and vegetation in the experimental plots
Woodland (natural landscape) Plot 1. The oak-hornbeam forest Galio sylvatici-Carpinetum forms relatively homogeneous patches covering large areas. There are some pine and pine-oak forest stands formed by Quercus robur, and the lower one by Carpinus betulus, rarely by other species. The shrub layer is scanty and consists mostly of Corylus avellana. The herb layer coverage varies from low (in shaded places) to over 70% (under gaps in the canopy). The vernal (spring) and aestival (summer) aspects of herbaceous vegetation can be clearly distinguished. At the height of the growing season in recent years, Impatiens parviflora has been very abundant. The most abundant species diagnostic of oak-hornbeam forest are Lamiastrum galeobdolon and Galium odoratum. The moss layer is very poorly developed. A total of 26 vascular plant species are found in this plot. Bee forage plants include Polygonum multiflorum, Ajuga reptans and Alliaria petiolata.
Plot 2. The oak forest related to the Potentillo albae-Quercetum petraeae covers less than 500 m 2 and borders on degenerate forms of oak-hornbeam forest and elm-ash forest.
The plot lies along a forest road accompanied by well-developed thermophilous shrub communities and tall-herb communities. Plot 3. Former xerothermic grassland on the slopes of eskers. The potential natural vegetation is oak-hornbeam forest (on the elevated parts) and elm-ash forest (at the base of the slopes). Until the 1980s, the slopes were covered by dry, xerothermic grasslands. Currently the area is characterised by a high diversity of vegetation. As many as nine types of plant community are found there. Because of the heterogeneity of habitats, the plot has a very rich flora, consisting of 84 vascular plant species. On some of the sandy slopes, foxes have their burrows and there are some treaded paths, where the coverage of the herb layer is much lower.
The lower parts of the slopes are dominated by patches of the alien box elder Acer negundo (similar to alluvial forest). Under its canopy, because of the shading, the herb layer is poorly developed. Typical forest species are more and more common there, e.g. Fraxinus excelsior, Dryopteris filix-mas, Brachypodium sylvaticum, Festuca gigantea, Stachys sylvatica and Carex digitata. They are often accompanied by nitrophilous herbs, primarily Impatiens parviflora, Torilis japonica, Geum urbanum, Chelidonium majus, Geranium robertianum, Alliaria petiolata, Chaerophyllum temulentum and Moehringia trinervia. The moss layer is very poorly developed. The oldest box elders are starting to die off and are easily wind-thrown.
Large parts of the slopes are covered by planted pine forest stands, which are not very dense. Impatiens parviflora is common in their herb layer. Shrub communities have developed at the tops of the eskers and sometimes at the forest edges, mostly patches of Euonymo-Prunetum spinosae (some of them in the terminal phase), which consist of species like Crataegus monogyna, Prunus spinosa, Rosa canina and Euonymus europaeus. The most abundant of the alien synanthropic species is Prunus insititia. The edges of the slopes are partly covered by nitrophilous tall-herb communities, mostly the Impatientetum parviflorae, the Agropyron repens-Urtica dioica community, Alliario-Chaerophylletum temuli, Torylidetum japonicae, Rudbekio-Solidaginetum and Lappulo echinataeCynoglossetum officinalis.
Semi-natural plant communities were dominant in the past, but now their only remnant is a small patch of Arrhenatheretum elatioris with some meso-thermophilous species. During the latest field research (in 2010) only a few diagnostic species of the classes Festuco-Brometea, Trifolio-Geranietea and Koelerio-Corynephoretea were found: Euphorbia cyparissias, Coronilla varia, Potentilla arenaria (relatively abundant), and infrequent specimens of Knautia arvensis, Galium verum, Festuca trachyphylla, Medicago falcata, Agrimonia eupatoria, Rumex acetosella and Pimpinella nigra.
Farmland (agricultural landscape)
The habitats in the General CHŁAPOWSKI Landscape Park are located on potential sites of oak-hornbeam forest Galio sylvatici-Carpinetum. The fieldwork was done in three subplots with various contributions of woody species. In 2010, the adjacent fields were used mostly for the cultivation of triticale, sugar beet, rye and wheat. Plot 5. The poplar grove (locally known as "Aleja Wilusza") is surrounded mostly by farmland, except for a short section that borders on a young forest plantation of Fraxinus excelsior. The grove consists of poplar hybrids (Populus × canadensis and Populus × canescens) planted in the 1950s by Zdzisław Wilusz. Currently the tree trunks are about 80 cm in diameter. Under their canopy, the density of the shrub layer (Crataegus monogyna and Sambucus nigra) is low. Before 1998, some of the old poplars were felled and replaced by saplings of poplar hybrids, white poplar Populus alba and European ash Fraxinus excelsior, whose trunks are now up to 30 cm in diameter.
Because of the varied tree age, two surveys were conducted along the grove. Near the old trees, 12 types of plant communities and 50 vascular plant species were found. Because of the adjacent arable fields, the roadsides are dominated by Convolvulo arvensisAgropyretum repentis. They are accompanied by patches of the species-poor community with Arrhenatherum elatius and nitrophilous tall-herb communities: the Agropyron repensUrtica dioica community, Leonuro-Ballotetum nigrae, Alliario-Chaerophylletum, Myosotido sparsiflorae-Alliarietum petiolatae and Torilidetum japonicae. Levelled parts of the roadsides also support patches of therophytes, similar to communities of field weeds (with Galinsoga parviflora, Atriplex patula or Bromus sterilis), and plant communities of trampled sites.
In the younger part of the grove, 12 types of plant communities and 56 vascular plant species were recorded. Grass-dominated communities prevail under the canopy of trees, mostly Convolvulo arvensis-Agropyretum repentis, and less commonly, thin patches of Arrhenatheretum elatioris. They are accompanied by nitrophilous ruderal tall-herb communities: Agropyron repens-Urtica dioica, Leonuro-Ballotetum nigrae, and Torilidetum japonicae and the trampled-site communities Lolio-Plantaginetum, Matricario matricarioidis-Polygonetum arenastri and Poetum annuae. Relatively large areas along the border between the road and the roadside are covered by species-poor communities of field weeds of the class Stellarietea mediae, including those with Galinsoga parviflora.
Bee forage plants are represented mostly by Crataegus monogyna in spring and Ballota nigra in summer. The latter species forms large patches in both the old and newly planted parts of the grove. In total, 14 types of plant communities and 71 plant species were found in the whole grove.
Plot 6. Roadsides near Rogaczewo. The plant cover is well-developed on both sides of the studied section of the field road. Shrub communities are scarce (initial patches of Euonymo-Prunetum spinosae and Elymo-Rubetum caesii) and only a few trees are present. The roadsides are covered chiefly by nitrophilous tall-herb communities and grassdominated communities, especially the Agropyron repens-Urtica dioica community, Convolvulo arvensis-Agropyretum repentis, Tanaceto-Artemisietum, Anthriscetum sylvestris, Chaerophylletum bulbosi, Rubo caesii-Calamagrostietum epigeji and a community with Cirsium arvense. Also, grassland communities are relatively common: thin patches of Arrhenatheretum elatioris and Lolio-Cynosuretum, a community with Agrostis vulgaris, Potentilletum reptantis; they are accompanied by plant communities of trampled sites: Lolio-Plantaginetum, Matricario matricarioidis-Polygonetum arenastri and Poetum annuae. Thermophilous tall-herb communities are represented only by small aggregations of Agrimonio-Vicietum cassubicae. In total, 16 types of plant communities and 78 plant species were recorded. Bees were observed to forage mostly on flowers of Rubus sp., Trifolium repens, Potentilla argentea, Lotus corniculatus, Linaria vulgaris and Hypericum perforatum.
Status and dominance structure of Apiformes in 2008-2010 in two types of landscape
During the three-year study, a total of 100 bee species were recorded on the six permanent plots (Table 1) , including 82 species in the Wielkopolska National Park and 48 in the farmland of the General Dezydery CHŁAPOWSKI Landscape Park. Despite the marked differences in species number and dominance structure (Figs 1 and 2) between the two landscape types, the mean density of Apiformes was nearly identical: 436.7 ind./ha in the Wielkopolska NP and 436.5 ind./ha in the agricultural landscape. Detailed data on densities in the individual plots are presented in Table 2 . The lower species diversity in the agricultural landscape is compensated for by the dominance of bumblebees over the other Apiformes (Figs 1, 2) . Figs 1-2. Dominance structure of Apiformes: 7 -Wielkopolska National Park; 8 -General Dezydery CHŁAPOWSKI Landscape Park.
Figs 3-8. Dominance structure of Apiformes. Wielkopolska National Park: 1 -oakhornbeam forest; 2 -oak forest; 3 -former xerothermic grassland. General Dezydery CHŁAPOWSKI Landscape Park: 4 -shelterbelt; 5 -poplar grove; 6 -roadside (Fig. 3) .
The mean density during the three years of field research was 377.0 ind./ha, but it differed greatly between years, ranging from 116.0 to 690.0 ind./ha (Table 2) .
Plot 2. Oak forest -in comparison to oak-hornbeam forest, this habitat is much richer in herbaceous vegetation, which flowers abundantly not only in spring but also in summer. As a result, the bee fauna is also very rich: 55 species of Apiformes were recorded there during the three years of observations.
The dominant species were Andrena subopaca, A. haemorrhoa, A. proxima and the cleptoparasite Nomada flavoguttata (Fig. 4) . The high species diversity is associated with a relatively high abundance (av. 656.7 ind./ha), but this varied widely between years, from 450.0 to 900.0 ind./ha ( (Fig. 5 ), but with a dominance of typically woodland species. Under the dense canopy of trees, patches of Anthriscus sylvestris have recently developed, which are visited by the very abundant Andrena proxima. This species is associated with moist habitats and was not recorded in this plot during the earlier surveys. Today it can be regarded as characteristic of this plot, whereas in the past the grassland was dominated by species typical of open habitats, namely, bumblebees (Bombus terrestris or B. pascuorum) and numerous halictid bees.
Farmland (agricultural landscape)
Plot 4. The shelterbelt has a relatively poor bee fauna, as only 16 species were recorded there during the three years of observations (Table 1 ). The dominants are Bombus terrestris and Anthophora plumipes (Fig. 6) . Moreover, the bee abundance was very low, on average 234.7 ind./ha (lower than in all the other plots, Table 2 ).
Plot 5. Poplar grove. As in the shelterbelt, only 16 species of Apiformes were recorded in the poplar grove during the three years of fieldwork (Table 1) . Only bumblebees are among the dominant species: Bombus terrestris, B. pascuorum, B. lapidarius and B. hortorum (Fig. 7) . Their abundance was the highest when Ballota nigra was in flower.
Since 1998 the old part of the grove and the newly re-planted part have been compared. The greater access of light to the new part makes it more favourable for the development of herbaceous patches. Consequently, the bee densities differed between the two sections: on average (for the three-year study) 337.5 ind./ha in the old part and 516.7 ind./ha in the new one.
Plot 6. The roadsides near Rogaczewo differed from plots 4 and 5 in their greater diversity, since 36 species of Apiformes were recorded there ( Table 1 ). The dominant species (16% of the total catch) was Bombus terrestris, while subdominants (<10%) included Andrena synadelpha, B. lucorum and B. lapidarius (Fig. 8) .
Because of the broad diversity of the vegetation structure -the presence of trees, shrubs and the prevalence of herbaceous vegetation -bee abundance on the roadsides reaches on average 656.2 ind./ha (varying between years from 418.5 to 925.0 ind./ha), which is higher than in the other plots in farmland (Table 2) .
DISCUSSION
Changes in plant communities
The observed changes indicate that natural forest communities (plots 1 and 2) are the most stable in terms of both flora and bee fauna. They have preserved their natural character, and their floristic composition has not changed to any significant extent. The only marked floristic change is the increasing abundance of the alien annual Impatiens parviflora, which was not recorded there in the 1970s. Patches of Galio sylvaticiCarpinetum are homogeneous and relatively poor in plant species. The high species diversity of plot 2, compared to the thermophilous oak forest, is due to the edge effect: the forest stand is visited by species from the neighbouring open habitats.
In the early 1950s the slopes of the terminal part of the esker near Lake Budzyńskie (plot 3, area 1.72 ha) were covered by plant communities typical of dry grassland. These were well-developed patches of slightly calciphilous, initial xerothermic grassland Sileno otitae-Festucetum trachyphyllae (CELIŃSKI & BALCERKIEWICZ 1973) with colourful flowering perennial herbs. Its persistence was due to regular mowing and livestock grazing. The creation of the Wielkopolska National Park (in 1957) and the strict protection of the esker resulted in a ban on human interference. This initiated secondary succession: the growth of shrubs and trees, nitrophilous tall herbs and the gradual transformation of the grassland into a wooded habitat. Since the late 1970s, as much as 1.5 ha of dry grassland has been transformed. In the last decade, only 0.2 ha were covered by non-forest communities, and the mean rate of colonisation by woody vegetation was 343 m 2 /year (CIERZNIAK et al. 2005) . This process seems to have intensified recently. Moreover, the number of typically xerothermic species recorded in the past on the open slopes has decreased rapidly. Many years ago, the grass-dominated esker supported 18 species from the class Festuco-Brometea. By contrast, only ten diagnostic species of this class were present in 2003 (CIERZNIAK et al. 2005) , and now just five. Similarly, as many as 15 of the characteristic species of Koelerio-Corynephoretea used to be recorded on this plot many years ago, compared to five taxa in 2003 and just two now. Thus, the plants of this group are disappearing even faster. Also the abundance and area covered by thermophilous plant species is in decline.
Xerothermic habitats are some of the most seriously threatened ecosystems in Poland. Xerothermic grasslands in national parks dominated by forest ecosystems are particularly valuable as habitat islands of thermophilous communities. The esker near Lake Budzyńskie used to be an extremely interesting refuge for thermophilous and heliophilous vegetation and insects. At present, plant communities typical of dry grasslands and most species of the classes Festuco-Brometea and Koelerio-Corynephoretea have declined or disappeared altogether because of the lack of farming activities and the subsequent colonisation by trees, shrubs and nitrophilous tall herbs. This process seems to be irreversible.
The floristic composition and structure of woody communities in the General Dezydery CHŁAPOWSKI Landscape Park is markedly affected by human activity: the felling of some trees (plots 4 and 5), the planting of new ones (plot 5) and the levelling of the field road have caused at least the partial destruction of the herbaceous vegetation that once grew there (plots 5 and 6). Perennial plants, i.e. trees, shrubs and herbs, and many thermophilous species of the classes Festuco-Brometea and Trifolio-Geranietea in particular, have been removed and replaced by field weeds and ruderal plants, which initiate the process of plant succession. Dicotyledonous perennials are outcompeted by grass communities, mostly patches of Convolvulo arvensis-Agropyretum repentis, or communities with Bromus sterilis or with B. carinatus. The last-mentioned species has become more and more common in central Wielkopolska (JACKOWIAK & CELKA 1997 , RATYŃSKA 2002 . It is a typical ergasiophygophyte, i.e. a garden escape permanently naturalised on synanthropic sites (SUTKOWSKA & PASIERBIŃSKI 2009 ).
In 1998, the road in plot 6 was levelled, which destroyed part of the herbaceous vegetation. The area covered by patches of Trifolio-Agrimonietum eupatoriae and Artemisio vulgaris-Tanacetetum was greatly diminished then, and grass communities with Elymus repens, i.e. Convolvulo arvensis-Agropyretum repentis, and nitrophilous tall herbs with Elymus repens and Urtica dioica began to play a greater role. Large spaces were also occupied by communities of field weeds, consisting of therophytes quickly colonising the disturbed soil (a community with Chenopodium album and thin patches of Stellarietea mediae). An increase was also observed in the contribution of vegetation typical of trampled sites: Matricario matricarioidis-Polygonetum arenastri. At present, shrubs are less abundant, as most of them have been cleared. There are no patches of thermophilous Trifolio-Agrimonietum eupatoriae, but small patches of Agrimonio-Vicietum cassubicae have appeared. Also, the pioneering communities of field weeds, made up of therophytes, have disappeared. An increase was observed in the contribution of permanent trampled site vegetation from the class Molinio-Arrhenatheretea. Over the 10 years, the number of types of plant communities changed only slightly: from 15 to 16. Greater changes were recorded in the flora: the number of vascular plant species decreased from 85 to 78. Some species have declined (field weeds and thermophilous species), while perennials, especially nitrophilous ones, are now more widespread.
In plot 5, the herbaceous vegetation under the canopies of both young and old trees has become more and more similar. In both parts of the poplar grove, the leading association is Convolvulo arvensis-Agropyretum repentis, whose areal contribution increased in the last decade. Since the road is still regularly levelled, its sides are colonised by field weeds. There are now no impoverished thermophilous communities, which were present 10 years ago. However, single thermophilous species are still found there. Under the canopy of old poplars, the number of communities decreased only slightly (from 13 to 12) during the last decade. By contrast, the plant diversity increased (from 41 in 1998 to 50 species). This could be associated with the regular levelling of the road, which favoured the growth of field weeds on the roadsides. The newly planted part of the grove is distinguished by the presence of patches of the Agropyron repens-Urtica dioica community, Rubo caesiiCalamagrostietum epigeji, and trampled site communities. The number of types of communities (12) has not changed, but the number of plant species has increased from 49 to 56.
Roadsides are among the floristically richest elements of the landscape (RATYŃSKA 2003) . GOŁDYN & ARCZYŃSKA-CHUDY (1998) , who studied roadsides of the General CHŁAPOWSKI Landscape Park, reported 216 plant species, which accounts for nearly 27% of the total flora of the Park. Along the three sections of the road those authors studied (plots 4 and 5), 118 species are now found, compared to 109 a decade ago.
In the shelterbelt (plot 4) 10 years ago, the plot was subdivided into woody vegetation and herbaceous-ruderal edge communities. At present, because farming has become more intensive, the area of edge communities has been much reduced, so the whole plot is now treated as one single complex of plant communities. In 1998, some trees were felled and the shrub-dominated edge communities of Aegopodio-Sambucetum nigrae were cleared. Thinning of the forest stand and the removal of shrubs resulted in sunlight gaining greater access to the forest interior from above and the sides. This caused changes in the structure and floristic composition of the forest floor. Ten years ago the herb layer was dominated by grasses ( The richest groups (in terms of number of plant communities) in the Landscape Park plots are ruderal and forest edge communities. Patches of Convolvulo arvensisAgropyretum repentis and Leonuro-Ballotetum nigrae were most frequent. Forest edge communities were represented in all plots by the Agropyron repens-Urtica dioica community. Both 10 years ago and now, similar numbers of types of plant communities were found (11-15 and 12-16, respectively) . The total was 32, and most of them were welldefined plant associations. Among the tall-herb communities, the contribution of nitrophilous communities increased slightly, while there was a conspicuous decline in thermophilous communities of the class Trifolio-Geranietea.
The above changes in the vegetation of the agricultural landscape are caused by routine human actions, most of them necessary for some reason. They include thinning of the shelterbelt (plot 4), felling of some trees in the poplar grove (plot 5), levelling of the road surface, damaging the margins of the field road (plot 6). By contrast, the cessation of human interference on the esker in the Wielkopolska National Park in the late 1970s initiated the process of plant succession.
Changes in diversity of wild bees
The above-mentioned changes in vegetation are reflected in the species compositions of the bee communities. Farming practices caused short-term changes in composition and abundance of the apifauna. Generally, however, no substantial changes were observed in the bee fauna, and an increasing trend was even recorded in some cases (agricultural landscape).
For instance, the unplanned felling of some trees in the poplar grove led to a relatively short-term increase in the contribution of herbaceous vegetation. This was accompanied by an increase in bee densities because of the high abundance of the bee forage plant Ballota nigra, and consequently also of bumblebees, especially Bombus pascuorum. Ruderalisation of the plot and the more homogeneous herbaceous vegetation in the last year of observations (2010) impoverished the bee fauna, i.e. halictid bees were absent. However, in the course of time, as the newly planted poplars grew larger, the situation returned to normal. The growing tree crowns shade the herb layer, which was observed already a few years ago. This is associated with changes in the food resources, i.e. many bee forage plants have been replaced by grasses and other species that are less attractive to bees. However, the areas transformed by human activity, particularly roadsides and the edges of forest and shrub communities, are colonised by sometimes abundant pollen-and nectar-producing plants, e.g. Ballota nigra, the contribution of which has increased markedly in the last decade.
In the permanent plots in the farmland of the Landscape Park, the species number was quite stable, particularly on the roadsides near Rogaczewo. A decrease in species number over the last decade was caused by transformations associated with changes in food resources (see the section Current flora and vegetation in the experimental plots).
It must be emphasised that the currently recorded total number of 100 bee species is higher than reported earlier. In the previous study periods, the total number of species in all the plots reached 89 in 1978 -1980 (BANASZAK 1983 ), 91 in 1988 -1990 (BANASZAK et al. 1997 ) and 75 in 1998 -2000 . Also, the species composition is noticeably different, and only the most common species are their constant components. For example, the currently recorded total number of bees is 25 species more than in 1998 -2000 ), but at the same time 20 of the species recorded earlier were not found now. This is probably due primarily to the small number of sampling sessions (usually once a month), so some species, especially the rarest ones, could easily have been overlooked. However, it is surprising that only four species of Evylaeus were recorded in 2008-2010, compared to 11 in 1998-2000. In all, as many as 165 bee species were recorded in the four decades in the six permanent plots. This corresponds to about 35% of the total number of bee species in Poland. This is a very high proportion, considering the small size of the plots. On the basis of differences in the total number of species, it is difficult to draw definitive conclusions, but detailed analysis of the individual plots in relation to changes in vegetation has highlighted certain trends (Table 3) . For example, plant and animal diversity in the oak forest is affected by the nearby ecotone between the forest and a field road and a meadow.
The most conspicuous changes took place in plot 3, which used to be grassland, but is now covered by forest to a large extent. Currently, only 44 species are present there, whereas in the 1970s, when it was an open habitat, as many as 70 species were recorded, compared to 47 species in the 1980s and 22 species in the 1990s. The recent increase shows that the species characteristic of grassland coexist there with forest species, especially those typical of oak-hornbeam forest. In the other wooded plots in the Wielkopolska National Park, the species number is also tending to increase (Table 3) .
The four decades of observations of bee communities indicate that except for the specific case of the xerothermic grassland subject to plant succession, no alarming changes in species diversity and composition of the bee community are noticeable. The total number of bee species in both landscapes generally shows an increasing trend, despite the small variations between decades (plus or minus). They are sometimes caused by local changes in food resources, due to various kinds of human interference in the plots. Similar conclusions can be drawn on the basis of bee abundance in the four decades (Table 3) .
Changes in the density of wild bees
The most conspicuous changes in bee abundance caused by plant succession were observed in plot 3, which was formerly a dry grassland (on a slope). Because of its gradual transformation into woodland, bee densities initially decreased from over 1000 ind./ha in the late 1970s to about 150 ind./ha in the year 2000. In the last decade, however, it increased to over 270 ind./ha, which may have been due to the growing contribution of the forest (Table 3) .
A clearly increasing trend in bee abundance was also observed in the oak forest related to thermophilous oak forest (plot 2): from nearly 300 ind./ha in the late 1970s to about 650 ind./ha in the last decade.
The apparently lower abundance in the oak-hornbeam forest near Lake Góreckie (about 80 ind./ha) is underestimated, because the earliest assessment in April was initially omitted, whereas bee forage plants flower there abundantly in that month. It appears that this least transformed habitat in fact supports nearly 400 ind./ha, as observed in recent years. Bee abundance was also relatively stable in the agricultural landscape. It decreased slightly when shrubs were removed from the shelterbelt but increased when some trees in the poplar grove were felled and herbaceous patches developed there. However, none of these changes can be regarded as signs of an alarming decline in bee communities. Instead, these signs are easily predicted phenomena associated with the local dynamics of vegetation.
CONCLUSIONS
The changes observed over the last decade in the vegetation of the permanent plots indicate that forest communities in the Wielkopolska National Park (especially oakhornbeam forest, plot 1) are the most stable and the least modified. Passive conservation helps to preserve them. Similarly, the bee fauna in forest plots has generally preserved its taxonomic composition and abundance, which indicates its close relationship with vegetation.
As a result of secondary succession, the plant communities typical of dry grasslands declined on eskers near Lake Budzyńskie (plot 3). This confirms once again that seminatural communities require active protection. There was also a conspicuous change in the bee fauna of the eskers: species typical of open habitats declined and were replaced by forest species, especially those characteristic of oak-hornbeam forest.
In the plots located in the farmland of the General CHŁAPOWSKI Landscape Park, the changes in vegetation are due to human interference. Periodic felling of trees and shrubs, or levelling of the dirt road, generally lead to short-term transformations of the vegetation and flora. Apparently, thermophilous plant communities of the class Trifolio-Geranietea tend to be replaced by nitrophilous tall-herb and ruderal communities, which may be due to eutrophication. Farming practices in the agricultural landscape caused short-term variations in bee species composition and abundance, but in general there were no substantial changes and even an increase in some cases.
The results of this study show on a microscale the range and degree of changes in vegetation and the associated communities of pollinating insects. These changes are easy to predict, so our results can be used for agricultural landscape planning and for habitat and species conservation in legally protected areas.
